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[Name of Docum nt] Specification 

[Title of the Invention] Photomask Blank and Method of 

Manufacturing the Same 

[Claims] 

[Claim 1] A method of manufacturing a photomask 
blank by forming an opaque film or a seml-transmlsslon film 
on a transparent substrate, said method comprising a step 
of: 

forming said opaque film or said seml-transmlsslon 
film onto the substrate by Irradiating the substrate with 
Ions generated by an ion generator separately disposed in a 
film formation chamber during the deposition of the opaque 
film or the seml-transmlsslon film on the transpeurent 
substrate by a sputtering method. 

[Claim 2] The method claimed In claim 1, wherein 
said step comprises: 

controlling a film stress of the opaque film formed 
on the substrate; and 

suppressing a warp amount of the substrate generated 
by the film formation to ±0.1 \m or less, where (a warp 
amount of the substrate after film formation) - (a warp 
amount of the substrate before the film formation) = (a 
warp amount of the substrate generated by the film 
formation). 

[Claim 3] The method claimed In claim 1 or 2. 
wherein said step comprises: 

directly Introducing em Inert gas Into the Ion 
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generator from the outside of the film formation chamber; 
and 

Ionizing said Inert gas by the Ion generator to 
Irradiate the substrate with the Ions. 

[Claim 4] The method claimed In claim 1 or 2, 
wherein said step comprises: 

directly Introducing a reactive gas into the ion 
generator from the outside of the film formation chamber; 
and 

Ionizing said reactive gas by the ion generator and 
Irradiating the substrate with the ions. 

[Claim 5] A photomask blank prepared by the method 
according to any one of claims 1 to 4. 

[Claim 6] A photomask prepared by using the 
photomask blank according to claim 5. 
[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

The present invention relates to a photomask for use 
in manufacturing a semiconductor Integrated circuit and the 
like, a photomask blank as a material of the photomask, and 
a method of manufacturing the photomask blank. 

[0002] 

[Description of Prior Art] 

In manufacturing semiconductors such as a 
semiconductor element, IC, and LSI, a manufacturing process 
of a photomask for use in transferring a fine pattern onto 
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a semiconductor wafer, usually Includes: a film forming step 
of forming films, such as an opaque film, a semi- 
transmission film (a translucent film), onto a transparent 
substrate obtained by precisely polishing synthetic quartz 
glass by sputtering and the like; a resist coatdLng step of 
coating a resist film on the films, such as the opaque film, 
by a spin coating method; an exposure step (delineating 
step) of irradiating a resist surface with an electron ray 
or a laser beam to selectively expose the resist film; a 
development step of developing the exposed resist film with 
a predetezmined developer to form a resist pattern; an 
etching step of using the resist pattern as a mask to etch 
the films such as the opaque film and to obtain a 
predetermined opaque film pattern, and the like. In this 
case, the substrate thus obtained by the film forming step 
is generally called a photomask blank. 

Here, in the forming step of forming the opaque film, 
usually from a viewpoint of productivity, the film is 
formed by a usual DC magnetron sputtering method by using a 
DC magnetron sputtering apparatus and a chromium target. 
Alternatively, a thin film is formed by a reactive 
sputtering method executed by Introducing at least one of 
gases such as nitrogen and oxygen. 

[0003] 

Chromium or a chromium compound is used as the opaque 
film in an original sheet of the photomeisk. that is, a 
binary photomask blank, in which light intensity modulation 
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is used to transfer the pattern. In addition, the 
sputtering method Is mainly utlllz d as a method for 
forming the opaque film onto the substrate. However, when 
the opaque film such as a chromium film Is formed by the 
sputtering method, the opaque film usually. has a tensile 
stress, and the photomask blank including the transparent 
substrate as a base therefore warps. Such warps bring 
about a high possibility of an insufficient focus depth for 
exposure or a design defect. This results in deterioration 
of the photomask blank. Here, for a warp eunount of the 
substrate, the substrate is measured by flatness measuring 
instrument by an optical interferometer, such as FM200 
manufactured by TROPEL Co. In this case, a difference of 
height (P-V value) between a highest point and a lowest 
point from a level surface of the substrate is measured 
before and after the film formation, and the warp amount of 
the substrate generated by the film formation is defined by 
the difference of the P-V value before and after the film 
formation. That is, definition is made by: 

(warp amount of substrate after film formation) 
- (wcirp amount of substrate before film formation) 

= (warp amount of substrate generated by film 
formation) . 

As a stress reduction method of the opaque film, there is a 
method of applying a bias to a substrate side during 
sputtering deposition and implanting ions present in plasma. 
However, since the photomask blank has a relatively leirge 
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film formation area, and the substrate Is a dielectric such 
as glass, it Is difficult to obtain a uniform eff ct within 
the surface. 
[0004] 

On the other hand, when a chromium compound thin film 
Is formed as the opaque film, or a compound thin film such 
as MoSlN, MoSlON, SION, SIN Is formed as a seml- 
transmlsslon film (phase shifter film} , the film Is usually 
formed by the reactive sputtering method such as the DC 
magnetron sputtering. During the film formation, however, 
the compound Is also deposited on the surface of a target, 
and electric discharge becomes unstable (as a result, 
particles are generated by abnormal discharge). Therefore, 
there Is a problem that a defect Is liable to occur In the 
photomask blank. Furthermore, the reactive sputtering 
method has a lower deposition rate and therefore has a 
problem of low productivity, as compared with the usual 
non-reactive DC magnetron sputtering method. When the 
compound target is used to form the film by an RF magnetron 
sputtering method Instead of the DC magnetron sputtering 
method, plasma during the film formation is widely spread 
as compared with the DC magnetron sputtering method. 
Therefore, the film Is undesirably deposited inside a 
cheunber, and acts as a generation source of particles on 
the mask blank and, as a result, there arises a problem 
that the defect is liable to occur in the photomask blank. 

[0005] 
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Moreover, In consideration of precision of a size 
recently required for the mask pattern, it. has been 
necessary to thin a resist and opaque film during pattern 
formation. However, in a thin film forming method using 
the conventional DC magnetron sputtering method, the 
chromium film is inferior to a bulk film in density and 
denseness. As a result, a sufficient optical density is 
not fully obtained, and therefore a demand for thin film 
formation cannot be satisfied. 

[0006] 

[Problem to be Solved by the Invention] 

The present Invention has been provided to solve the 
aforementioned problems, and a first object thereof Is to 
reduce a weurp of a substrate caused by a film stress in a 
photomask blank (to relax and control the film stress). 

Moreover, a second object of the present invention is 
to thin a film by enheuicement of density and denseness, 
particularly to thin an opaque film by enhancement of a 
shielding property, and to enhance resistance to chemicals 
and reslstemce to light by enhancement of denseness. 

Furthermore, a third object of the present invention 
is to reduce film defects by a reduction of particles by 
abnormal discharge in a reactive DC sputtering method or by 
a reduction of the peirtlcles In a reactive RF sputtering 
method during formation of a compound opaque film or a 
compound semi-transmission film by a reactive sputtering 
method, and to enhance a deposition rate (enhance 
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productivity) by acceleration of reactivity (promotion of 
reactivity) . 

Additionally, a fourth object of the present 
invention is to provide a high-quality photomask blank and. 
photomask prepared in consideration of the aforementioned 
objects. 

[00071 

[Means to Solve the Problem] 

To achieve the aforementioned objects, the present 
invention has the following features. 

(Feature 1) A method of manufacturing a photomask 
blank for forming an opaque film or a semi-trcinsmission 
film on a transparent substrate, the method comprising a 
step of forming the opaque film or the semi -transmission 
film onto the substrate by irradiating the substrate with 
ions generated by an Ion generator separately disposed in a 
film formation chamber during the deposition of the opaque 
film or the semi-transmission film on the transparent 
substrate by a sputtering method. 

[0008] 

(Feature 2) The method of manufacturing the 
photomask blank according to Feature 1, wherein the step 
comprises controlling a film stress of the opaque film 
formed on the substrate; and suppressing a warp amount of 
the substrate generated by the film formation to ±0.1 pun or 
less, where (a warp amount of the substrate after film 
formation) - (a warp amount of the substrate before the 
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film formation) - (a warp amount of the substrate generated 
by the film formation). 
[0009] 

(Feature 3) The method of manufacturing the 
photomask blank according to Feature 1 or 2, wherein the 
step comprises directly Introducing an inert gas into the 
Ion generator from the outside of the film formation 
chctmber; and Ionizing the Inert gas by the ion generator 
and irradiating the substrate with the ions. 

[0010] 

(Feature 4) The method of manufacturing the 
photomask blank according to Feature 1 or 2, wherein the 
step comprises directly introducing a reactive gas into the 
ion generator from the outside of the film formation 
chamber; and ionizing the reactive gas by the ion generator 
and irradiating the substrate with the ions. 

[0011] 

(Feature 5) A photomask blank prepared by the method 
according to any one of Features 1 to 4. 
[0012] 

(Feature 6) A photomask prepared by using the 
photomask blank according to Feature 5. 
[0013] 

[Operations of the Invention] 

According to Feature 1, the opaque film or the semi- 
transmission film is formed onto the substrate by the 
sputtering method, and the substrate is Irradiated with 
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ions generated by the ion generator (hereinafter referred 
to as an Ion source] separately dispos d In the film 
formation chamber (a film material being deposited on the 
substrate is irradiated) , by which density and denseness of 
a thin film can be enhanced. Thereby, the opaque film 
achieves an effect that the opaque film Is thinned by 
enhancing a shielding property by the enhancement of 
density and denseness and that chemical durability is 
enhanced by the enhancement of denseness. Moreover, the 
semi- transmission film (phase shifter film) achieves an 
effect that the semi- transmission film is thinned by the 
enhancement of density eind denseness, and the chemical 
durability, irradiation durability, and the like are 
enhanced by the enhancement of denseness. In this case, 
along with an increase of irradiation energy of ions 
emitted from the ion source, the density and denseness can 
be enhanced. 

Moreover, according to Feature 1, the substrate Is 
directly irradiated with ions from the ion source during 
sputtering deposition, thereby enabling a control of a film 
stress. This meikes it possible to releuc or control the 
stress of the opaque film therefor. Concretely, for 
example, a Cr film formed by sputtering without ion 
irradiation has a tensile stress. According to the present 
invention, however, the substrate is directly irradiated 
with ions from the ion source during the sputtering 
deposition and the irradiation energy is controlled, by 
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which the tensile stress can be reduced, also be controlled 
to be z ro, or further controlled to be on a compr sslve 
stress side. Moreover, for the semi- transmission film 
(phase shifter film). It Is possible to control the stress 
of the seml-transmisslon film. 

VThen heat treatment is not performed as described 
later, the irradiation energy is preferably controlled in 
consideration of the reduction effect of stress and the 
enhancement effect of density. 

Furthermore, according to Feature 1, In a film 
formation process of the compound opaque film or the 
compound semi- trsmsmlss Ion film by the reactive sputtering 
method, the substrate is directly Irradiated with ions from 
the ion source during the sputtering deposition. Thereby, 
reaction is accelerated (promoted) in the vicinity of the 
substrate and efficiently carried out. Therefore, its 
deposition rate is high and productivity is enhanced as 
compared with a conventional reactive sputtering method in 
which the substrate Is not irradiated with ions from the 
ion source. 

In the present invention, a preferable type of the 
ion soxirce may irradiate ions of a high current density and 
low energy for the purpose of improving a film quality, and, 
specifically, may be, for example, an RF type, end hall 
type, Kaufmann type, and ECR type, but this invention is 
not limited to the above-mentioned types of ion sources. 

[0014] 
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According to Feature 2, the method of Feature 1 Is 
used to control the stress of the opaqu film formed on the 
substrate, and It Is possible to suppress the warp amount 
of the substrate generated by the film formation to ±0.1 \m 
or less, assuming that (the Wcirp amount of the substrate 
after the film formation) - (the warp amoxint of the 
substrate before the film formation) » (the warp amount of 
the substrate generated by the film formation) . 

[0015] 

In Feature 2. the method of Feature 1 is used to 
control the stress of the opaque film or the semi- 
transmission film formed on the substrate. Furthermore, 
the stress of the opaque film or the semi -transmission film 
is controlled by applying thermal treatment or laser 
irradiation treatment. Thereby, it is possible to suppress 
a change amount from a weirp state measured before the film 
formation to ±0.1 \aa or less, assuming that (the warp 
amount of the substrate after the thermal treatment or the 
laser irradiation treatment) - (the warp amount of the 
substrate before the film formation) « (the change amount 
from the warp state measured before the film formation). 

Concretely, for example, with a change of the 
irradiation energy of the ion source, the stress of the 
opaque film is controlled to be on the compressive stress 
side. Thereafter, being subjected to the thermal treatment 
or the laser irradiation treatment, the stress of the 
opaque film is reduced and controlled to be in the vicinity 
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of zero. Additionally, the Ion Irradiation energy can be 
controlled with a control of a b am acc leration vol tag 
and anode cvirrent. Moreover, for example, when the stress 
of the semi- transmission film is a compressive stress, the 
film is subjected to the thermal treatment or the laser 
Irradiation treatment, by which the stress of the semi- 
transmission film cem be reduced or controlled to be in the 
vicinity of zero. In this case, it is unnecessary to 
control the irradiation energy of the ion source in view of 
the stress reduction effect as described above. It is then 
possible to aim only at the enhancement of the density, 
when the irradiation energy of the ion source is controlled. 
Therefore, the density cein further be enheuiced. 

Additionally, a thermal treatment temperature is 
preferably 150°C or more, 200°C or more, 250''C or more, 
aoo'C or more, SSCC or more, 380°C or more, or 550°C or 
more. In this case, when the thermal treatment temperature 
is higher, an internal stress can be reduced, but a change 
amount of transmittance also increases. Additionally, when 
the temperature is excessively raised, a time of 
temperature rise or drop is lengthened. This causes a 
problem of deteriorated productivity. Therefore, the 
thermal treatment temperature is preferably 700°C or less. 
A thermal treatment time may be, for example, one minute or 
more as long eis heat is conducted through the entire semi- 
transmission film within this time. 

An atmosphere for the thermal treatment preferably 
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Includes no reactive atmosphere such as oxygen. If the 
reactive atmosphere is Includ d. a composition in a film 
thickness direction changes with the thermal treatment. 
Therefore, a preferable atmosphere includes an inert gas 
such as nitrogen or argon. 

The thermal treatment may be performed after the 
semi-transmission film is formed on the transparent 
substrate (in a blank state) or after the semi-transmission 
film is patterned (in a mask state). Note that, however, 
when a fine pattern is thermally treated at a high 
temperature, a pattern shape is possibly deteriorated. The 
thermal treatment performed In the blank state has an 
effect that a film quality fluctuation in the subsequent 
baking process of the resist (200°C or less, e.g., about 
180°C) is suppressed. In order to achieve the effect, the 
film is preferably thermally treated at a temperature 
higher than the baking temperature of the resist (e.g., 
200°C or more ) . 

[0016 3 

According to Feature 3, the inert gas is directly 
introduced into the ion generator from the outside of the 
film formation chamber and ionized by the ion generator, 
and the substrate Is Irradiated with the Ions. Thereby, 
the inert gas ions can efficiently be supplied to the 
substrate as compared with introduction of the inert gas 
only via a sputtering gas introducing port. Therefore, the 
aforementioned reduction effect of the film stress and the 
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enhancem nt effect of the film density can further be 
Increased . 

[0017] 

According to Feature 4, the reactive gas Is directly 
Introduced Into the Ion generator from the outside of the 
film formation chamber and Ionized by the Ion generator, 
and the substrate Is Irradiated with the Ions. Thereby, 
the reactive gas Ions can efficiently be supplied to the 
substrate as compared with the Introduction of the reactive 
gas only via the sputtering gas Introducing port. 
Therefore, It Is possible to further Increase a reaction 
speed, to increase the aforementioned reduction effect of 
the film stress and the enhancement effect of the film 
density, and to achieve satisfactory controllability of the 
film. Moreover, vhen the reactive gas Is Introduced only 
via a gas Introducing port for the Ion source, an amount of 
the reactive gas to be Introduced Into the film formation 
chamber can be reduced as compared with the Introduction of 
the reactive gas only via the sputtering gas Introducing 
port. As a result, since generation of the compound on the 
target can be Inhibited, abnormal discharge In the reactive 
DC sputtering method can be reduced. Moreover, since the 
film Is Inhibited from being deposited inside the chamber, 
the particles In the reactive RF sputtering method can be 
reduced, thereby enabling a reduction of the film defects. 

[0018] 

According to Features 5 and 6, there can be provided 
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a high-quality photomas)c blemk and photomask prepared In 
consideration f various factors such as, for example, the 
reduction of warp of the substrate, thinning of the film by 
the enhancement of density and denseness, enhancement of 
chemical durability and irradiation durability by the 
enhancement of denseness, and reduction of film defects 
during preparation of the compound opaque film or the 
compound semi- transmission film by the reactive sputtering 
method . 

[0019] 

[Examples] 
Example 1 

Examples of the present invention will be described 
hereinafter in detail with reference to the drawing. 

In an apparatus shown in Fig. 1, an ion source 11 is 
arranged in a vacuum chamber 1 of a general DC magnetron 
sputtering apparatus. In the chamber 1, disposed are a 
magnetron cathode 3 with a chromium target 5 having a size 
of ())6 inches and a thickness of 5 mm disposed thereon, a 
synthetic queirtz substrate 6 having a size of six inches 
square and a thickness of 0.25 inch, emd an ion source 11 
of an end hall type. The ion source 11 is disposed at an 
appropriate angle so as to emit ions toward the substrate 6 . 
In this case, a length of a straight line from a target 
center to a substrate surface center is 23 cm, and a length 
of a straight line from the ion source to the substrate 
surface center is 16 cm. Moreover, the chamber was 
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evacuated to a degree of vacuum of 1 x 10'* Pa by an 
exhaust pump. 

Subsequently, an argon gas was Introduced via a 
sputtering gas Introducing port 7 and a gas Introducing 
port 12 for the ion source so as to have a pressure of .0.11 
Pa inside the chamber. Power of 300 W was applied to the 
cathode 3 using a sputtering DC power source 9 . 
Simultaneously with it, the substrate 6 was irradiated with 
argon ions using the ion source 11 on conditions that a 
beam acceleration voltage was 60 V and an anode current was 
0 . 8 A ( controlled by an anode and cathode power source 
controller 13 for the ion source), and em opaque film was 
formed or deposited to a film thickness of 80 nm. 

Checking a warp state of the substrate using an 
optical interferometer, we found that a change eunovmt of 
0.1 \m was given from the warp state measured before film 
formation ((a warp amount of the substrate after the film 
formation) - (the warp amount of the substrate before the 
film formation) = (the warp amount of the substrate 
generated by the film formation)). In this event, a film 
stress was a tensile stress. Furthermore, the film was 
formed on similar conditions, only by changing irradiation 
conditions such as the beam acceleration voltage of 80 V 
and the emode current of lA. As a result, the warp amount 
of the substrate generated by the film formation was 0.1 \m. 
and the film stress was a compressive stress. That is, by 
controlling the irradiation conditions of the ion source. 
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the film stress cem be adjusted to a compressive stress 
side from a tensile stress side, and the resultant film 
stress can be adjusted to be zero or in the vicinity of 
zero. 

[0020] 
Comparative Example 1 

For comparison with Example 1, with an arrangement of 
an apparatus not Including the ion source of Example 1, 
evacuation was made to a degree of vacuum of 1 x 10~* Pa, 
an argon gas was introduced to attain a pressure of 0.11 Pa, 
and power of 300 W was supplied from the sputtering DC 
power source 9 to the cathode 3, so that a film was 
deposited to a film thickness of 80 nm. 

The warp amount of the substrate generated by the 
film formation or deposition was measured like in Example 1 
and found to be 0.5 |im. In this event, the film stress was 
the tensile stress. 

It is understood from Example 1 and Comparative 
Example 1 that according to the present invention it is 
possible to improve flatness of a mask blank as compared 
with the conventional method. 

[0021] 
Example 2 

With an arrangement of the apparatus similar to that 
of Example 1, power of 600 W was supplied from the 
sputtering DC power source 9 to the cathode 3 and, 
simultaneously with it, ions were emitted from the ion 
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sourc© 11 toward the substrate 6 on conditions that a beam 
acceleration voltage was 80 V and anode current was lA, in 
order to form a film having an optical density (O.D.) of 3 
for a wavelength 193 nni. Thus, a film thickness of 41 nm 
was achieved. Moreover, the film was deposited to a film 
thickness of 1 (un on the aforementioned film formation 
conditions and, thereafter, measurement was made about 
weights of the substrate before and after the film 
formation. Density of the chromium film was calculated. 
As a result of the calculation, the density of the chromium 
film was 7.1 g/cm'. 

Additionally, with the chromium film, the film 
density preferably falls in a range of 95 to 100%, 
particularly preferably 98% or more of a bulk density (7.2 
g/an*) . 

[0022] 
Comparative Example 2 

For comparison with Example 2, with an arrangement of 
an apparatus not including the ion source of Example 1, 
evacuation was made to a degree of vacuum of 1 x 10'* Pa, 
an argon gas was introduced to attain a pressure of 0.11 Pa, 
power of 600 W was supplied from the sputtering DC power 
source 9 to the cathode 3, and the film was formed so as to 
have the optical density (O.D.) of 3 for the wavelength of 
193 nm. The resultant film thickness was 45 nm. Moreover, 
the film was deposited to a film thickness of 1 (im on the 
aforementioned film formation conditions, and the density 
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of th film was calculated from the weights of the 
substrate before and after the film formation. As a result, 
the film density was 6.7 g/cm'. 

[0023] 
Example 3 

The chromium film was formed to a thickness of 65 nm 
on the synthetic quartz substrate 6 having a size of six 
Inches and a thickness of 0.25 inch with an arrangement of 
an apparatus and film formation conditions similar to those 
of Example 1. Subsequently. 50 seem of the argon gas was 
Introduced onto the chromium film via the sputtering gas 
introducing port 7, and power of 300 W Is supplied from the 
sputtering DC power source 9 to the cathode 3 to cause a 
sputtering discharge. Moreover, during the sputtering 
discharge, a mixture gas containing 4 seem of a nitrogen 
gas and 0.5 seem of an oxygen gas was introduced via the 
gas introducing port 12 for the ion source. The substrate 
6 was then irradiated with nitrogen ions and oxygen ions 
from the ion source 11 on conditions that the acceleration 
voltage was 160 V and the anode current was lA, and an 
cinti-ref lection film was formed to a thickness of 28 nm. 

The DC magnetron sputtering discbarge was observed 
and no abnormal discharge was found. 

[0024] 
Comparative Example 3 

For comparison with Example 3, with an arrangement of 
an apparatus not including the ion source of Example 1, the 
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chromium film was deposit d to a thickness of 65 nm, and a 
film having an anti-reflection effect equlval nt to that of 
Example 3 was formed as an anti -reflection layer by the DC 
magnetron sputtering method without ion irradiation. 
Thereby, the following flow rates were obtained: 38.4 seem 
for the argon gas; 10 seem for the nitrogen gas; and 1.6 
seem for the oxygen gas. Furthermore, the abnormal 
discharge was observed in the vicinity of the teurget during 
discharge. As a result, particles adhered onto the 
substrate with the film deposited thereon. Thus. It was 
Impossible to form a high-quality photomask blank. 

It is understood from Example 3 and Comparative 
Example 3 that an amount of the reactive gas to be 
Introduced into the film formation chamber only via the gas 
Introducing port for the ion source can be reduced as 
compared with the introduction of the reactive gas only via 
the sputtering gas introducing port. As a result, since 
generation of a compound on the target can be suppressed, 
the abnormal discharge in the reactive DC sputtering method 
can be reduced. This shows that film defects can be 
reduced . 

[0025] 
Example 4 

With an arrangement of an apparatus similar to that 
of Example 1 and in which a silicon target was disposed as 
the target 5, 20 seem of the argon gas via the sputtering 
gas introducing port 7 and 5 seem of the nitrogen gas via 
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the gas Introducing port 12 for the Ion source were 
Introduc d onto th synthetic quartz substrat 6 having a 
size of six Inches and a thickness of 0.25 Inch, so that 
the ch6unber 1 attains the gas pressure of 0.1 Pa . Power of 
200 W was then applied to the cathode 3, the sputtering 
discharge was thus caused to occur, and the substrate 6 was 
Irradiated with the nitrogen Ions from the Ion source 11 on 
conditions that the acceleration voltage was 100 V and 
anode current was 1.1 A during the sputtering discharge. A 
thickness of an SIN film was then adjusted In order to 
obtain a phase angle of 180 degrees for a wavelength of 193 
nm In forming a film. The formed SIN film was measured 
with a spectrophotometer and found to have a treuismlttance 
of 4.9% for the wavelength of 193 nm. In this connection, 
a transmit tance of a semi -transmission film Is preferably 
In a range of 3% to 20%. 

[0026] 
Comparative Example 4 

For comparison with Example 4, with an arrangement of 
an apparatus In which the Ion source of Example 1 was not 
used and In which a silicon target was disposed Instead of 
the chromium target, 20 seem of the argon gas and 5 seem of 
the nitrogen gas were Introduced via the sputtering gas 
Introducing port 7, and power of 200 W was supplied from 
the sputtering DC power source 9 to the cathode 3. Like in 
Example 4, the film thickness was then adjusted In order to 
obtain the phase angle of 180 degrees In forming a film. 
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The transmit teuice for the wavelength of 193 nm was measured 
with a sp ctrophotometer cind found to b 0.1%. Th r fore, 
the tremsinlttance was Inappropriately outside the range of 
3% to 20%. 

It Is understood from Example 4 and Comparative 
Example 4 that In the introduction of the reactive gas only 
via the gas introducing port for the ion source, the 
reactive gas Ions can efficiently be supplied to the 
substrate as compared with the introduction of the reactive 
gas only via the sputtering gas Introducing port. As a 
result, it is understood that the transmittance of the 
semi -transmission film can be Improved by the enhancement 
of density and denseness. 

[00271 
Example 5 

With an arrangement of an apparatus simlleu: to that 
of Example 4, 10 seem of the argon gas via the sputtering 
gas Introducing port 7 and 5 seem of the nitrogen gas via 
the gas introducing port 12 for the ion source were 
introduced onto the synthetic quartz substrate 6 having a 
size of six Inches and a thickness of 0.25 inch in the 
chamber 1, so that the chamber 1 attains a gas pressure of 
0.11 Pa. Power of 600 W was then supplied from the DC 
power source 9 to the cathode 3. the sputtering discharge 
was thus caused to occur, and the substrate 6 was 
irradiated with the nitrogen ions from the ion source 11 on 
conditions that the acceleration voltage was 150 V and 
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emode current was 1.1 A during the sputtering dlscheurge . 
The thickness of the SIN film was then adjusted In ord r to 
obtain a phase angle of 180 degrees for 193 nm In forming a 
film. 

The transmlttance and reflectance of the formed SIN 
film were measured with a spectrophotometer and a 
refractive Index n and an extinction coefficient k for the 
wavelength of 193 nm were calculated from these 
experimental results. It was then found that n = 2.6, k - 
0.46. Furthermore, In this case, the film deposition rate 
was checked, and was found to be 60 nm/mln. 

[0028] 
Comparative Example 5 

For comparison with Example 5, with an arrangement of 
an apparatus not Including the Ion source of Example 4 , a 
nitrogen flow rate was adjusted, so that 10 seem of the 
argon gas and 10 seem of the nitrogen gas were Introduced 
via the sputtering gas Introducing port 7 In order to 
obtain the same phase angle and transmlttance as those of 
Example 5. Power of 200 W was supplied from the DC power 
source 9 to the cathode 3, and an SIN film having the same 
phase angle and treuismlttance as those of Example 5 was 
formed. 

The film deposition rate was then checked and found 
to be 20 nm/mln. 

It Is understood from Example 5 euid Comparative 
Example 5 that. In the Introduction of the reactive gas 
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only via the gas introducing port for the ion source, the 
reactiv gas ions can £ficiently be supplied to th 
substrate as compared with the introduction of the reactive 
gas only via the sputtering gas introducing port, thereby 
increasing the film deposition rate and productivity. 

Moreover, the semi- transmission film obtained in 
Example 5 was superior to the semi-transmission film 
obtained in Comparative Example 2 in denseness. chemical 
durability, and irradiation durability. 

Furthermore, when the semi- transmission film obtained 
in Example 5 was thermally treated, it was possible to 
remarkably reduce the compressive stress of the film as 
compared with the semi -transmission film obtained in 
Comparative Example 2. 

[00291 

While the preferred examples of the present invention 
have been described, the present invention is not limited 
to the aforementioned examples. 

For example, the target may be disposed opposite to 
the substrate right under the substrate. Moreover, a 
plurality of targets may be offset from right under the 
substrate, and arranged in the film formation chamber. 
Further, the substrate can rotate itself. 

The ion source may be disposed in any position In 
which the substrate can be irradiated with ions. 

Even with use of an apparatus in which RF sputtering 
is performed instead of DC sputtering, the ion source may 
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be disposed, and the similar affect can be obtained. 
[0030] 

[Effects of the Invention] 

According to the present Invention, It Is possible to 
reduce the warp of the substrate by the film stress 
generated In the photomask blank (to relax and control the 
film stress). Moreover, It Is possible to thin the film 
by the enhancement of density emd denseness, particularly 
to thin the opaque film by enhancement of a shielding 
property, and to enhance chemical durability. Irradiation 
durability, and the like by the enhancement of denseness. 
Furthermore, it is possible to reduce film defects by a 
reduction of abnormal dlsch£irge and by a reduction of 
peurticles In forming the compound opaque film or the 
compound semi- transmission film by the reactive sputtering 
method, and to enhance the deposition rate (enhance the 
productivity) by acceleration of reactivity (prcraiotion of 
reactivity) . 

Therefore, it is possible to provide a higher -quality 
photomask blank as compared with a conventional photomask 
blank . 

[Brief Description of the Drawings] 
[Fig. 11 

It is a schematic diagram showing an Internal 
constitution of an apparatus according to one example of 
the present invention. 

[Description of Reference Numerals] 
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1 : Vacuum chamber 

2 : Anode 

3: Magnetron cathode 

4: Backing plate 

5 : Target 

6 : Substrate 

7: Sputtering gas Introducing port 

8: Exhaust vent 

9: Sputtering DC power source 

11: Ion source 

12: Gas Introducing port for ion source 

13: Anode and cathode power source controller for 

ion source 
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[Name of Document] Abstract 
[Abstract] 

[Object] It is an object of the present Invention to 
provide a method of manufacturing a photomask blank that 
enables a reduction of a warp of a substrate caused by a 
film stress and an enhancement of density and denseness. 
[Structure] In a method of manufacturing a photomask blank 
by forming an opaque film or a semi -transmission film on a 
transpeirent substrate, the opaque film or the seml- 
transmlsslon film Is formed by Irradiating a film material 
being deposited onto the substrate 6 with Ions generated by 
an ion generator (hereinafter, referred to as ion source 
11) separately disposed in a film formation chamber during 
the deposition of the opaque film or the semi- transmission 
film on the substrate 6 by a sputtering method. 
[Selected Figure] Fig. 1 
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